Beckmann rearrangement, the acid-mediated isomerization of oximes to amides, is one of the most famous and useful reactions in organic synthesis.
Beckmann rearrangement, the acid-mediated isomerization of oximes to amides, is one of the most famous and useful reactions in organic synthesis. 1) However, a fragmentation reaction occurs if one of the oxime substituents can produce a relatively stable carbocation. This type of reaction is also known as Beckmann fragmentation (abnormal Beckmann rearrangement), and is widely utilized to synthesize wnitriles. 1) Because the carbocation intermediates in this fragmentation are very active electrophiles, carbon nucleophiles react with these intermediates to provide a new carbon-carbon bond formation (Chart 1). 2) We assumed that Beckmann fragmentation in the presence of fluoride ion would afford fluorinated carbonitriles, and found that the treatment of cyclic ketoximes with diethylaminosulfur trifluoride (DAST) 3, 4) caused a ring fragmentation resulting in the formation of the desired compounds. We reported this result in a preliminary communication. 5) We now report the full details of this reaction.
Results and Discussion
We first examined the reaction of camphor oxime (1a), which is a typical substrate for the Beckmann fragmentation, with several nucleophilic fluorinating agents. These results are summarized in Table 1 . Hydrogen fluoride-pyridine, tetrabutylammonium fluoride, and tetrabutylammonium dihydrogentrifluoride were inert toward 1a (runs 1-7). The reaction of 1a (RϭH) with Ishikawa's reagent (N, 1, 2, 3, 3, 6) afforded the desired fluorinated carbonitrile (2a) in low yield (run 8) along with the olefin (2a) as the major product. For the reaction with DAST, 2a could be obtained in high yield (run 9).
These results correspond to the fluorination of a hydroxy group using the above fluorinating reagents. DAST is a more powerful reagent than other reagents used for the replacement of the hydroxy group with fluorine, and dehydration (elimination) appears to be less of a problem with DAST than with others.
3) Middleton reported that cyclooctanol reacts with DAST to give a 70 : 30 ratio of cyclooctyl fluoride to cyclooctene, whereas Ishikawa's reagent reacts to give only cyclooctene. 3) We then examined the reaction of DAST toward several cyclic ketoximes (1) . These results are summarized in Table  2 . The presence of a substituent(s) capable of strongly stabilizing a carbocation at position a to the oximino carbon is essential for obtaining the fluorinated carbonitriles. Oximes lacking such substituents (1f, 1g) afforded complex mixtures. In the case of 1e, the product was a 1 : 1 mixture of stereoisomers.
The reaction mechanism is depicted in Chart 2. The first step is nucleophilic displacement of a fluorine in DAST by the oxygen of the oximino substrate 1 with the subsequent elimination of hydrogen fluoride. Next, the elimination of diethylaminosulfino fluoride from intermediate A causes bond cleavage and produces the carbocation intermediate B. Finally, the fluoride ion attacks B to afford the fluorinated carbonitrile 2 (path a). In the case of compounds lacking substituents to stabilize the a-carbocation, the reaction proceeds through a mechanism similar to that of the "normal" Beckmann rearrangement. The carbon-carbon bond anti to the oximino leaving group in intermediate A migrates to the nitro- gen atom to afford the carbocation C. The fluoride ion attacks C to give an unstable compound D, which leads to a complex mixture (path b). As described above, the starting cyclic ketoximes (1) must have substituent(s) that can strongly stabilize a carbocation at position a to the oximino carbon in order to cause the fluorinative fragmentation. Next, we introduced a sulfur functionality, which can stabilize a carbocation and can be easily removed from the reaction products, into the cyclic ketoximes to overcome this limitation. Ketoximes bearing a phenylthiogroup at position a to the oximino carbon (3) efficiently reacted with DAST to cause the fluorinative fragmentation leading to the desired a-fluoro sulfides (4) . Since the a-fluoro sulfides (4) were not stable, they were subjected, without purification, to oxidation with m-chloroperbenzoic acid (m-CPBA). The resulting sulfoxides (5) were heated in a sealed tube at 160°C to afford fluoroalkenes (6) in high yields (Chart 3).
Experimental
Infrared spectra (IR) were measured using a Perkin-Elmer 1600 series FT-IR spectrophotometer. General Procedure for the Fluorinative Fragmentation of Cyclic Ketoximes To a solution of the oxime (1) (1.0 mmol) in dichloromethane (3 ml) was added DAST (1.0 mmol) at Ϫ78°C under an inert atmosphere, and the reaction mixture was then stirred for 30 min. A saturated sodium bicarbonate solution was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane. The extract was dried over anhydrous sodium sulfate, filtered, and evaporated to afford the crude product. Purification by chromatography (silica gel/ hexane dichloromethane) gave the pure sample.
2 FN: C, 70.97; H, 9.53; N, 8.28. Found: C, 70.79; H, 9.60; N, 2, ethanenitrile (2a): The spectral data for this sample were identical with those in the literature. (6 ml) was added DAST (346 ml, 2.62 mmol) at Ϫ78°C under an inert atmosphere, then the reaction mixture was stirred for 15 min. A saturated sodium bicarbonate solution was added to the reaction mixture, and the resulting mixture was extracted with dichloromethane (50 mlϫ2). The extract was dried over anhydrous sodium sulfate, filtered, and evaporated to afford the crude a-fluorosulfide (4a). The crude product was dissolved in dichloromethane (15 ml) and cooled to Ϫ20°C under an inert atmosphere. A dichloromethane (15 ml) solution of m-CPBA (376 mg, 2.18 mmol) was added dropwise to the mixture and stirred for 5 min. Saturated sodium bicarbonate (15 ml) was added and the resulting mixture was extracted with chloroform (50 mlϫ2). The extract was dried over anhydrous magnesium sulfate, filtered, and evaporated to afford the crude product. Purification by chromatography (silica gel/hexane : ethyl acetateϭ3 : 1) gave 5a (281 mg, 51%) as a 1 : 1 mixture of diastereoisomers.
7-Fluoro-7-(phenylsulfinyl)heptanenitrile (5a) 
